A one-micron diameter platinum wire resistance thermometer measures temperature fluctuations generated by propagating noise produced by a horizontally-fired, static GEM-60 solid rocket motor. A relationship between small amplitude acoustic pressure and acoustic temperature is derived and the data are compared with those calculated from pressure data recorded by a nearby 3.18 mm condenser microphone. The validity of taking acoustic temperature measurements in a rocket field is discussed, particularly the role of turbulence induced temperature fluctuations.
II. Theory
It is necessary for this experiment to know the relationship between acoustic pressure and acoustic temperature to properly calibrate the temperature probe. This relationship needed to directly relate these two aforementioned quantities by variables easily obtained in the field. The following is a derivation used to arrive at a small signal relationship between acoustic pressure and acoustic temperature. While this relationship it is not purported to be new, the authors are unaware of it's previous derivation.
The total quantities of density, ρ , temperature, K T , and pressure, P , in air can be defined as
(1)
And p P P Δ + = 0 (3) where the variables denoted by the subscript '0' represent the ambient/equilibrium values and the variables preceded by the delta are the acoustically induced fluctuations.
The equation of state 7 defines a relationship between K T and P for a gas such as air as
where r is the specific gas constant and written in terms of ρ becomes 
where γ is the ratio of specific heats, one obtains the expression
Now, if r is rewritten in terms of the ambient/equilibrium values, one obtains
By substituting Eq. (8) into Eq. (7), the result can be solved for the total temperature.
Equation (9) is perfectly viable as a relationship between acoustic pressure and acoustic temperature if the total temperature Eq. (2) is employed. As a matter of academic interest, a first order binomial expansion can then be employed to find 
Equation (11) will be the relationship we employ to relate/convert acoustic pressure to acoustic temperature. It is advantageous to use Eq. (11) because it relates the acoustic temperature measured by a temperature probe to the acoustic pressure measured by a microphone by two constants easily measured in the field. Also, at high amplitudes, the nonlinear relationship between pressure and temperature would necessitate the use of the shock adiabat at which point Eq. 
III. Plane wave tube
The thin wire probe used in this experiment was a Dantec Dynamics 55P11 style general use probe. The probe is a straight configuration and consists of a single .4mm long platinum sensor, 1µm in diameter, spot welded to stainless steel prongs. Following the manufacturers advice, our configuration of this probe is quite typical of a CCA and it is powered by a 4-20mA constant current supply which is connected to the probe via a 55H20 Dantec style probe support which was run through spec 55 twisted shielded pair wire. The voltage across the probe was measured using a NI PXI-4462 card set in a NI PXI-1040Q chassis.
Laboratory experiments were performed using the shock/plane wave tube to compare a 3.8-mm G.R.A.S. 40DP microphone to the temperature probe. The plane wave tube is In an ideal plane wave tube, two sensors placed an equal distance down the tube should register the same magnitude and phase. This idea was employed to sample magnitude and phase relationship between discrete frequencies. The discrepancies of magnitude and phase between the two transducers were then compared with the transfer function result found using a switching technique calibration. 
IV. Rocket field

A. Setup
Given the thermal lag of any temperature sensing device, it is advantageous to use large rocket motors for their extreme high amplitude and low frequency sound spectrum which allows for better resolving of the acoustic signal. In the desert of Northern Utah, ATK, a rocket development and testing facility, periodically tests full-scale rocket motors. One of these motors, the GEM-60, was the source for the temperature probes field test.
The GEM60 solid rocket motor has a 90 second burn time during which it has an average thrust of nearly 200,000 lbf. At our measurement location, this motor has a SPL of 160 dB re 20µPa with the dominant energy around 100 Hz. While these levels and frequency content are ideal for taking acoustic temperature measurements, radiant energy from burning aluminum particles in the plume and turbulence near the probe all but guarantee non-acoustic temperature fluctuations to be present. The relative importance of these error sources to our acoustic data is interesting for applications in fluid mechanics and acoustics.
Both transducers were aligned along the angle of the plume with an offset to protect them from small particles and extreme temperatures (FIG. 3b) . two tests was that the June test was a 90° F summer day and the February test was 40° F with snow on the ground, also, the June test included gimbaling of the rocket nozzle whereas in February the nozzle was stationary. Also, between tests, changes were made to the temperature probe instrumentation in an effort to increase bandwidth.
B. Results
Measurements from the February field test give the time waveform data in Fig 4 . In all plots, the microphone data have been converted from pressure to temperature by means of our small signal approximation in Eq. (11).
The temperature probe is recording data similar to that of the microphone with some discrepancies. The major difference between the two sensors is that temperature probe The June test shows greater coherence below 1000 hz than does the February firing.
It is the belief of the authors that the snow covered ground in the February test introduced a more thermally unpredictable environment and turbulent affects were more prominent at low frequencies. It is interesting to note that both tests had better coherence over frequency at the beginning of the test. This is most likely because the initial sound of the motor arrives before the turbulence reaches the probe setup.
Comparing the sound temperature level (STL) spectra at three different times for the February test, we again see the importance of turbulence during the test (FIG. 6) . The spectra show the high frequency limit of the probe as an acoustic sensor particularly plots It is important to note that while the coherence of the February test is good at the end of the test, the two transducers appeared to be 180° degrees out of phase. Slight changes where made in instrumentation between the tests which might explain why this phase inversion did not occur during the June test, however, at this time we have no explanation why it occurred and lab test have flailed to reproduce the phenomenon. 
V. Conclusion
With the development of thin wire anemometry, past researchers have developed thin wire probes which can be used to take acoustic temperature measurements. It was found that thin wire transducers can be relatively calibrated using plane wave tube techniques.
In future work, a thinner wire might be employed to extend the bandwidth of these temperature probes, however, the robustness of a thicker wire may be necessary in environments such as a rocket plume.
A relationship relating acoustic pressure and acoustic temperature was developed and a reference of 17 nK has been presented for describing the sound temperature level of a noise source. The developed equation (11) was shown to be theoretically accurate for most acoustic measurements and was verified experimentally for noise at the beginning of full-scale solid rocket motor firing.
Coherence of the temperature probe and microphone was much better during the test in June which suggests that the snow likely played a role in emphasizing the non-acoustic temperature fluctuations in the measurements. It is also likely that the biggest factor influencing the accuracy of the time domain measurements was turbulence. The radiation from the rocket could also introduce error, but given the relative speeds of light and sound, the radiation should have made a noticeable impact at the beginning of the test as well as during the test. We are unable to definitively comment on the import of each error source, however, it has been shown that although muddled, the acoustic temperature fluctuations are measurable and important in a rocket field.
The thin wire probe is capable of taking accurate acoustic measurements, however, with constant improvement to pressure transducers, including reduction in size, it is difficult to see the thin wire probe replacing traditional acoustic sensors. The future research of others, including that of this group, may find a use for such a transducer, but for now, the temperature probe appears to be a solution looking for a problem.
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